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•  On  "the  basis  of  an  analysis  of  vj inter  and  spring  .leather  during  23 
years -of  severe,  moderate,  end  light  vjheat  leaf  rust  (Puccinia  triticina 

"Eriks.)  "infection  in  Oklahoma  (PI.  Dis,  Rep.  :2£i213-217)  ,  the  T^r iter  in 
1942  suggested  that  leaf  rust  epiphytotics  might' be  predicted  by  the  end 
of  M^rch  in  Oklahdina','  a  time  at  v;hich  leaf  rust  is  ordinarily  inconspicu- 

^ous,.  2  1/2  months  before  harvest,  in  ample  tine  to  permit  a  modification 
of  spring  planting  plans  -7hen  a  severe  rust  epiphytotic* threatens.  The 
basis  for  such  prediction  is  an  analysis  of  r inter  and  March  temperatures 
and  .precipitation,  and  disregards  the  Tveather  of  April,  l\Iay,  and  June, 
the  months  during  vjhich  leaf  rust  attack:  becomes  apparent  to  the  casual 
observer. 

The  purpose  of  this  report  is  to  present  findings  7;ith  reference  to 
several  cognate  problems,  viz.   (1)  application  of  the  method  of  leaf  rust 
prediction  in  the  194^         1943  seasons  in  Oklahoma,   (2)  suitability  of 
the  method  for  more  northern  parts  of  the  United  ^jt.ates,  and  (3)  explana- 
tion of  the  significance  of  the  December^I larch  period  and  the  non-signifi- 

■  cance  of  the  ii.pril-June  period  in  Oklahoma  (or  the  counterparts  of  these 
periods  in  other  latitudes}  in  term.s  of  the  annual  cycle  of  leaf  rust. 

In  the  May  I5,  I942  issue  of  the  Plant  Disease  Reporter,  on  the  basis 
of  exceptionally  dry  r/eather  from  December  through  March,  and  despite  a 
record-breaking^  April  rainfall  for  Oklahoma  of.  8,31  inches^  the  Tvr  iter 
predicted  that  19^2  ^ould  not  be  a  year  of  severe  leaf  rust".    That  this. 

.  opinion  was  not  shared  by  other  workers >  Tvho  ^ere  ir.pressed  by  the  heavy 
April  rainfall  at  the  tine  the  rust  nas  appearing,:  is  e-^idenced  by  a  re- 
port from  Kansas  dated  May  22  (Pl.  Dis.  P.ep,  26:240)  that  "there  is  evi- 
dence that  another  severe  epiphytotic  of  leaf  rust  of  reheat  is  rapidly 
developing -in  the  southern  and  central  plains  area."    On  June  15»  however, 
the  \^'riter's  prediction  of  a  month  before  r;as  borne  out,  r;hen  the  Kansas 

■report  of  that  date  stated  that  "the  threatened  leaf  rust  epiphytotic  on 
i7inter  ^.'heat  in  Kansas  failed  to  materialize,  oT7ing  t,o  unusually  cold 
Tieather  during  May  and  early  June,"    The  fact  that  I942  proved  to  be  a 
light  rust  year  in  Kansas,  Oklahoma,  and  Texas  -'as  r^ell  established  by 
harvest  time,  but  that  this  uas  due  to  cold  i7eather '  in-May  and  early  June 
is  not  borne  out  by  the  facts,    'The  official  ^-/eather  report  for  Kansas  in 
1942  indicates  that  the  average  temperature  for  May-  vjas  63.2®?.  (comparing 
Tith  the  long-tixme  average  of  64^0*?.)  and  for,  June  72.7°?.  (comparing 
•v;ith  the  long-time  a^.^eraA-e  of  73,.8°?.),    The  temperatures  were  thus  -vithin 
about  one  degree  of  zhe  normal  temperatures  for  these  months,  arid  they 
could  have  been  much  lovrer  V7i  thout  falling  bolo'v  the  optimum  range  for 
'.-?heat  lee.f  rust  multiplication  (55-75*P.)»  .  ,  •  . 
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■.According  to  the  late  ^vinter  ^veather,  I9/I3  tyas  destined  to  be  another 
year  of  slight  lesf  rust  damage  in  Oklahona  (See  Table  1).    Despitf  e 
mild  r/inter,  the-  averaf^;e-  tenperature  for  Har ch-T^as 46,0°?. ,  7;hich  is  4.6** 
belOTv  nomal  and  '-well'  bei^w"~the  opt  iriwi  for"!  eaf rust  nultipli  cat  ion,  / 
Moreover  the  total  precipitation  for "  January through' I: larch  r;as  only  2.72 
inches,  vjhich  is  54  percent  of,  noinal,-    There  TJas  nearly  as  much  rain  in 
April  as  in  the  three  previous  months  combined,  nhile  Hay  had  a  record- 
breaking  10.27  inches  of  rain.    The  1943  season  did  prove  to  be  a  year 
of  minor  ler-f  rust  damage.    By  harvest  tine  Tvheat  T7as  conspicuously  in^ 
fected  but  the  attack  was  too  late  to  result  in  more  .than  a  trace  of  crop 
loss,  :  i  . 

In  both  years,  the  fears  of  crop  observers  that  failed  to  materialize 
were  based  on  observation  of  weather  conditions  in  April  and  May.  ^1 
available  evidence  indicf  tes  that  in  the  Southwest  the  conditions  that 
deteimine  the  severity  of- leaf  rust  are  those  of  December  through  Tlarch, 
a^n^..t&.l.g42jand,X543  seaso^^   botli  bear  out  the  writer's  .hypothesis  that 
in  -thi^  latitude  the  'weatiher  vfrom  April  onward  will;  rarely.,  if-  ever,  pre- 
vent an  epiphytotic -provided  the.. :1  ate  .winter  has 'been  favorable,  or  per- 
-mit  an  epiphytotic .  if.  the  late  winter  has  .been  .unfavorable  -or  n\st, 
Res  sons  for  this  will  be  indicated  presently,   ,    ■ -:  ^  :■, 

It.  is  of  particular  interest-  to  determine  ^'hether  the .  decisive  influence 
of  late  winter  '/eat her  on"  wheat  leaf  rust  in  the  southern  Great  Plains 
has  its  counterpaa^t  in  more  northern  parts  of -the  wheat. belt.    A  priori, 
one -would  not-.-necessarily  anticipate  tha't  this  --,'ould  be  the  case,  since  ^" 
the  annual  cycle  of  leaf  rust  in  the  North  occurs  under  conditions  that 
very  somewha-t  f.rco  those  in  the  So-uthwest.    In  the  ITorth  there  is  less 
■abundant  over-inter ing  of  the  . rust,  o'-ing  to,  lower  ^^inter  temperatures,- 
Spring  r.ene-'al  x)f  the  rust  is  later,  and  is  influenced  to  a  greater  ex-.-., 
-•tent  than  in  the  .South  by  uredosp(.>res  that  are.  blo'.'n  northword  from  the 
'earlier  infected  fields  of  the  South. 

To  investigate  this  point,  the  ^  tf  tes  of  Illinois  and  Io"^a  Tjerc  select- 
ed •for,  comparison  with  Oklahoma,  since  they  are  sufficiently  far  to  the  . 
nort^":H;hat  their  seasons  are  alraost  exactly  one  month  later  than  tKat  Tof 
Oklahoma',  whi  ch  siiiplii'ies  comparison  on  the  basis  of  average  me^nthly  " 
tempcra-'tures ,  ^the  "month  of  Llarch  in  Oklahoma  corresponding  phenol rt'gically 
to  the  nonth/of  April  in  'Illinois ' and  lowai^    The  principal  years  of 
severe  leaf  rust  damage,  and  the 'principal  years  of  very  light  leaf  -rust, 
a^ccprding  to  reports  irl'.the  Plant  Diserise  lieportor,  were  selected  for 
eechi  State,  excluding  years  of  conflicting  reports  or  of  serious  compli- 
cation with  stem  rust.    The  pertinent  weather  data  for '  late '  vjinter  and 
spring  in  each  of  thedo  years  are  tabulated  in  Table  1,.  the  corresponding 
seasons  being  considered  one  month  later  in  IoY;a  and  Illinois  than  in 
Oklahoma.    For  Illinois  the  ;^ears  1^22-1526  were  iricluded  because  partic- 
ularly detailed  data  are  available. 'regarding  the  severity  of  leaf  rust 
in  Illinois  during  those  yoarsS/. 


Note  in  Table  1  that  the  long-tine  averages  temperature 'for  March  in 
Oklahoma*  differs  by  less  than  2®r.  from  the  Ibng-tirlfe'  average  -temper- 
mature  for  April  in  Illinois  and  Iowa,  •  "  - 
Tehon,  L.  H.    Epidemic  diseases  of-  grain  crops  in  Illinois,  1922^1926. 
The  measure  of  their  prevalence  and  dcstructiveness  ©nd  en  interpret- 
ation of  -.•'oathcr  relations  based  on  ';heat  lerf  rust  data.     Ill,  Nat. 
Kist.  Surv,  12^:1-96,    1927     *   .  ' 
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Considering  first  the  years  of  severe  rust,  the  average  teripeFS'ti-^res 
of  late  winter  in  all  years  for  all  Litates  nere  normal  or  above  norpoal, 
often  considerably  above,     rhe  averainie  teriperatTire  for  Mar<'',h  in  Olcla-t 
hona  and  April  in  Illinois  and  IoT?a  in  all  cases  ^^as  noirial  or  ivarmer 
than  nornal.    For  the  period  up  to  April  1  in  Oklahoma  and- T!-ay  1'  in  ■  ' 
Illinois  and  lo^a,  in  erch  of  these  :/ears  of  se^^ere  rust  tho  precipi- 
tation T?as  normal  or  above  normal.    If  nop  ^e  t\irn  to  the  spring  months 
in  ^;hich  leaf  rust  becomes  obvious,  April  and  Hay  in  Oklahoma,  and  Hay 
and  June  in  the  more  northern  States,  ^e  find  n  striking  lack  of  any 
correlation  betv?een  temperature  or  precipitation  and  rust  severity.  In 
three  of  the  years  nf  severe  rust  in  (.'klahoma  and  in  one  year  each  in 
Illinois  and  Iowa,  the  spring  period  was  abnormally  dry,  v?hile  in  4 
other  years  of  leaf  'rust  epiphytotics  the  spring  vas  abnormall^/  -wet,- 
V/ith  one  exception,  1^35        Illinois,  the  teriperatures  of  these  spring 
months  were  nomal. 

In  regard  to  the  years  of  light  rust,  abnormally  lor?  Ttrinter  temper- 
atures in  1936  in  Illinois  and  lo^-^a  -ere  associ- ted  with  poor  rust  de- 
velopment.   In  four  additional  cases  the  average  temperature  of  Tlarch 
in  Oklahoma  or  April  in  the  North  ras  clearly  a  limiting  factor  in  rust 
development,  these  low  average  temperatures  (/i3.2*F,  to  /iG^^^T,)  being 
r7ell  belor;  the  optimal  range  for  leaf  rust  uredospore  germination.  Even 
more  striking  is  the  correlation  between  deficient  precipitation  in  the 
late  winter  period  and  subsequent  l£- ck  of  rust  intensity.     In  I4  out  of 
the  17  years  of  light  rust,  the  late  winter  period  v/as  chrracterized  by 
a  deficit  in  norjial  precipitation  rf^nging  from  73  percent  to  20  percent. 
The  three  years  of  light  rust  with  only  r.inor  moisture  deficits  in  late 
winter  were  3  of  the  4  years  with  abnormally  low  tem-peratures  in  March  . 
(Oklahoma)  or  April  (Illinois,  lo-  a).    Hence,  e_vory  year  of  light  rust 
was  a_  year  characterized  by  deficient  la t e  winter  moisture  or  abnormally- 
low  late  winter  temper  aturesor  bot  K , "  and  no  year  oT  severe  rust  ■"'as  so 
characterized.    In  the  years  of  lighi:  rust,  as  in  those  of  severe  rast, 
there  is  again  no  correlation  with  either  abnormal  temperatures  or  ab- 
normal precipitation  during  the  ^ring  months.    Little  rust  occurred 
whether  the  April-IIay  period  in  Oklahoma  or  the.  corresponding  Hay-June 
period  in  Illinois  and  Io"a  experienced  12. 60  inches  pf  rain  (Oklahoma,. 
1943,  a  55  percent  excess)  or  3.73  inches  (Illinois,  l^^^^f  ^^^^  than 
one-half  normal)  or  any  excess  or  deficit  betT'een  these  extremes.  There 
were  few  departures  from  noimal  tem.peraturos  during  tbe  spring  months  .of 
those  years  of  light  rust  and  even  those  wore  without  significrnce  since, 
both  in  the  I4  normal  ye$^rs  and  the  3  yerrs  ^'ith  temperature  departures 
greater  than  3«5°^«>  '^'^^  average  temperatures  for  the  tT.*o  spring  months 
were  wi  t-hin  the  range  of  optimal  leaf  rust  development  (55*''75*'^' )  • 

Consider  now  the  mean  temperature  and  r.oisture  conditions  for  the  yoGTS 
of  severe  rust  in  comparison  with  those  of  light  rust  for  each  State  in- 
dividually.    It  is  seen  that  on  the  averagn  the  years  of  severe  rust  ha'^e 
average,  date  ".'inter  J^aiiera"tures  up  to  higher , ^  and  Harch  (Oklahoma) 

or  April  (Illinois,  'lo"a)  temper? ^.turos  slightly  higher  than  the  years  of 
light  rust,  and  in  particular  the  ser^crc  rust  years  have  late  winter  pre- 
cipitations that  are  almost  or  more  than  double  those  of  the  years  of 
light  rust.    On  the  contrary,  there  is  comparatively  little  difference  in 
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the  mean  spring  temperatures  or  precipitations  between  the  years  of  se- 
vere- rust  .and  those-  of  light  rust  for  each  state. 

It  was  hoped  to  discover,  in  absolute  terns  of  temperature  and  precip- 
itation, the  conditions  .favoring  or  inhibiting  leaf  rust  development  re- 
gardless of  latitude.    This  has  not  been  possible.    For  example  epiphy- 
totics  occurred  in  Oklahoma  when  the  Januory-4' larch  precipitation  was 
4-55  (151^)  and  4.75  (1954)  inches,  values  that  for  Oklahoma  are  not 
significantly  subnornal,  while  in  Illinois,  where  the  normal  precipitation 
■for  the  same  phenolo^-ical  period  is  much  higher,  years  of  light  rust  were 
associated  with  late  'winter  precipitations  of  5  "t^o  7  ii^ches,  amounts  that 
are .  significantly  deficient  for  Illinois  but  would  represent  excessiiTe 
-late  winter  precipitation  in  Oklahoma.     Iowa  is  intermediate  in  this  res- 
pect. 

The  greater  amounts  of  precipitation  necessary  to  induce  a  leaf  rust 
epiphytotic  in  Illinois  ere  not  due  to  higher  average  temperatures,  which 
would  readily  dissipate  the  moisture.    For  corresponding  phenologic  per- 
,  iods  the  temperatures  in  Illinois  and  Oklahoma  are  "^ery  similar. 

The  more  probable  explanation  of  this  apparent  difference  in  effect  on 
rust  of  the  absolute  levels  of  precipitation  deficits  among  the  three 
States  is  a  psychological  one.    In  Illinois,  where  the  average  winter  and 
spring  precipitation  considerably  exceeds  that  of  0]:lahoma ,  wheat  leaf 
rust  on  the  average  can  be  expected  to  be  more  se-^ere.    Estimates  of  crop 
damage  by.  diseases,  as  reported  in  the  Plant  Disease  Reporter,  are  for 
the  most  part  the  estimates  of  men  whose  observations  are  confined  to  a 
single  State.     If  a  disease  occurs  in  a'  gi-^on  State,  e.g.  Illinois,  with 
great  regularity  and  causes  a  greater  or  less  amount  of  damage  almost 
every  year,  the  disease  would  doubtless  be  considered  "light"  when  it 
was  actually  much  raore  destructive  than  the  sane  se^^erity  of  the  disease 
would  be  considered  in  a  State,  e.g.  Oklahoma,  in  which,  duo  to  different 
climatic  conditions,  the  disease  is  normally  loss  destructive.    In  other 
words,  referring  to  Table  1,  the  amount  of  and  damage  from  leaf  rust  in 
Oklahoma  in  1927*  a  "severe"  rust  year  for  Oklahoma ,  associated  ^-^ith  an 
excessive  late  '-^inter  rainfall  for  Oklahoma  (6.3O"),  might  be  almost  i- 
dentical  with  the  amount  of  and  damage  from  leaf  rus't  in  Illinois  in  1930> 
a  "light"  rust  year  for  Illinois,  associated  with  a  deficient  late  win- 
ter rainfall  for  Illinois  (6.26").    But  since  Oklahoma  would  record  this 
as  a  ''Severe"  rust  year  and  Illinois  would  call  it  a  "light"  rust  year, 
each  term  being  correct  for  the  confines  and  normal  conditions  of  the 
State  involved  in  each  case,  it  becomes  necessary  to  consider  each  State 
individually  in  interpreting  leaf  rust  epiph^'-tolog:,''.    The  principle  that 
deficient  warmth  and  precipitation  in  late  winter  inhibit  rust  applies 
equally  in  each  of  the  St? tos-  considered  here,  but  the  amount  of  precip- 
itation that  is  considered  deficient  in  one  State  may  bo  excessive  in 
another.    An  analogous  case  is  the  classification  of  i»merican  T'pland 


Table  1.    i^verage  temperatures  and  total  precipitation  in  Oklahoma,  Illi- 
nois, and  Iowa  during  the  late  winter  and  early  spring  in  the  principal 
years  of  severe  and  of  light  wheat  loaf  rust  in  each  State.     (Figures  from 
U.S.  '7eathor  Bureau.)    Precipitations  underscored  are  205^  greater  (dotted 
underscoring)  or  less  (solid  underscoring)  than  50-*year  average.  Temper- 
atures underscored  are  3  1/2*?.  greater  (dotted  underscoring)  or  loss 
(solid  underscoring)  than  50-year  average. 
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cotton  varieties  as  "susceptible"  to  ati^lar  lerf  sport  in  the  parts  of  , 
the  77orld  where  hif^hly  resistant' Asiatic  Cottons  are  grown,  ^hil.e  the  ,  . 
Upland  varieties  are  classed  as  .."resistant"  in  arenas t^here  the  very  sus- 
ceptible Sea"  Islmd  varieties,  are  cultivated.    .  ,  .  ; 

It  seeins  •  almost  para-doxical- -that '  the  wea-: her the  ti^m  when  ; leaf  nist 
is  readily'  apparent  ■  iii  wheat 'fieTds  has  little  to  do  with  its:ensuailt 
damage,  whil6'the  weathei*  at  a"  period  during  which  rust  can  be  found  only 
by 'long -a  i^p'atient  search  is  dohinant  in  influencing  its  subseauent  de-^ 
struction.'   Alriost  without  exception,  crop  observers  have- atterlpted  to 
correlate  "rust  "damaf  e  with  the  woather  occurring  after  the  rust -has  nade 
its  obvious  appearance,-  and,  as  illustrated  above  in  the  discilssion  of- 
the'years  1542  and  1943  in  the  Southwest,  in  nany  cafees  these  attenpts 
have  led  to  entirely  erroneous  conclusions,    a  strikinr  exanple  of  this . 
is  seen  in  Tehon^'s  study  of  wheat  leaf  rust  in  Illinois  during  the  ^-ye^T 
period  1922-l§26M''  Tlie  three  yer-rs  of  "destructi^^e  n^st"  were,  respect- 
ively, years  iii  which  the  Hay-June  period  (that  period  in  which  rust  be- 
comes apparent,  and  which,  according  to  the  foregoing  analysis  is  im- 
material in  relation  to  rust  development )  was  in  one  case  dry  and  hot, 
in  a  second  case  wet  and  cold,  and  in  the  third  case  normal  for  temper- 
ature and  precipitation.    The  two  years  in  which  rust  >.'as  hot  destructive 
rere  years  in  whi^ch  the  rainfall  was  only  ^^ery  slightly  below  normal  and 
the  temper atijires  Were  nomal  during  the  Hay- June  period.    Tehon  concludes 
that  serious  rust  is  associf  ted  with  either  dr^*-hot  or  wet-cold  weather. 
Reference  to  iable  1,  which  includes  those  yeafd  for  Illinois  shows  that 
this  paradoxical  situation  is  readily  clarified  by  reference- to  *  the  late 
winter  weather,  in  which  the  years  of  light  rust  wore  years  of  deficient 
moisture  or  low  temperatures-  in  February-April.  .  ■. 

The  explanation  of  the  decisive  influence  of  late  winter  weather -and' 
the"  negligible  influence' of  spring  weather  on  lerf  rust ■  destructi-^roness 
can  be  fOund  by  examining    the  details  of  the  annual  cyolo  of  the  fungus 
and  its  environmental  requirements. 

Puccinia  triticina  (P.  rubigo-vcra  vnr.  tritici)  overwinters  as  my- 
celium in    inter  wheat  with  occasional  uredial  multiplication  d\iring 
warm  periods  in  the  -^inter.    Alternate  hosts  play  no  part  in  the  over- 
wintering of  the  leaf  rust  fungus  in  the  United  Stf  tes.    On  the  a'^erage, 
in  late  winter,  one  may  expect  to  find  leaf  rust  persisting  to  the  ex- 
tent of  one  uredinium  per  10  to  one  per  1000  leaves,  the  amount  being 
negatively  correlated  with  the  severity  of  the  winter,  resulting  in  win- 
terkilling of  the  wheat  leaves  and  hence  of  the  fungus^  and  positively 
correlate d  with  mild  periods  in  the  winter,  which  permit  occasional  rust 
multiplication,  and  winter  precipitation  which  is  essential  to  such 
multiplicrtion,  or  which  falls  as  a  snow  cover  thr t  protects  infected 
leaves  from  destruction  by  freezing.    The  combination  of  these  influences 
will  determine  the  extent  of  overwintering  whether  to  the  extent  of  one 
pustule  per  10  leaves  or  one  per  10,000.- 

Hust  ordinarily  is  not  noticeable  to  the  casual  observer  until.it  has 
reached  the  intensity  of  at  ler^st  1  pustule  per  leaf.    This  will  bo  dh  V 
the  "first  date  of  observation"  which  on  the  average  is  in  earl.3''  April  ,. 
in  Oklahoma,  and  Ha3^  or  early  June  in  the  latitude  of  Illinois  and  ■ 


I.e.,  fig."  101,  p.  tig,  legend  and  p'ortincnt  discussion. 
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Indiana  and  slightly  later  in  Iov?a,  i.e*  at  the  end  of  the  period  of 
late  winter  weather  that  is  essential  to  rust  destruc.tiveness.    '['e  nay 
divide  the  course  of  spring  renewal  of  leaf  rust  into  tr^o  distinct 
phases:     (1)  the  late  ^vinter  phase,  in  '-^hich  the  rust  increases  from, 
the  least  amount  that  ovenizinters  (e.g.  1  pustule  per  100,  1000,  or 
10,000-  leaves)  to  the  amount  of  rust  that  first  becones  readily  notice- 
able (approximately  1  pustule- per  leaf ) ;  and  (2)  the  sprinp  phase  in 
if?hich  the  rust  increases  from  the  first  noticeable  amount  to.  its  naxi- 
mun  f or  the  season,  which. may  be  somewhat  more  than  1000  pustules  per 
leaf.    Each  of  these  phases  involves  several  successive  generations  of 
uredial  multiplication,  and  it  is  important  to  note  thst  rust  multipli- 
cation proceeds  as  a  logarithjnic  progression  (x  pustules  — ^  x'^  pustules 
— 5*  x3  pustules  — ^  x4  pustules,  etc. )  iii  which  the  first  generations  of 
multiplication  in  late  winter  (e,g»  from  1  pustule  per  1000  leaves  to 
1  pustule  per  leaf)  have  fully  the  importance  of  the  spring  generations 
(e.g.  from  1  pustule  per  leef  to  1000  pustules  per  leaf). 

The  late  winter  generations  must  occur  in  the  presence  of  weather  that 
is  close  to  the  lower  thresholds  for  rust  survival  and  reproduction, 
•This  is  particularly  noticeable  in  the  .last  month  of  the  late  winter 
period,  March  in  Oklahoma  and  April  in  Illinois  and  Iowa.    During  this 
month  long-time  average  temperaijures  are  from  a3.7°  to  52.»2*F.  in -the 
3  States."    It  is  axiomatic  that  in  growth-  and  reproduction  organisms 
respond  most  -strikingly  to. minor  variations  in  any  environmental  factor 
when  the  intensity  of  that  factor  is  the  least :;or  most  that  can  be 
borne  without  serious  inj^iry  to  the  orgpnisn,  ;;,l.e.  when  it  is  at  a 
threshold  level.    A  temperature  of  ^OT.is  of  .such  an  intensity,  for 
with  a  slight  increase  above  5^T.  we  reach  the  range  of  optimal  leaf 
rust  multiplication,  while  with  a  corresponding  decrease .below  ^0°V, 
the  temperature  becomes  definitely  unfavorable  for  leaf  rust.  I'larshall 
'Yard  reported  that  the  minimum  temperature  for  sr.tisf  actcr  y  uredospore 
germination  of  P.  triticina  is  lO^C,   (=  5^)T.).    Ilorepye?,'  several 
workers  have  noted  with  reference  to  the  length  of  the  . incubation  per- 
iod of  P.  triticina  that  this- period  is  about  7  days  at , optimal  temper- 
atures but  that  at  lower  temperatures  it  requires  10  to  12  days  (Yarkina) 
or  even  20  days  in  winter  in  India  (l-Iehta).    Thus  temperatures  even 
slightly  below  the  averages. for  the  last  month  of  the  late  winter  period 
are  doubly  inhibitory  to  l€-af  rust,  and  tor iperf^tures  slightly  above  the 
average  are  doubly  beneficial . to  it. 

Similarly  the  precipitation  of  the  late  winter  months  is  markedly  less 
than  that  of  the  spring  months  in  each  of  the  States  considered  here. 
In  addition  the  rust  during  the'^Tinter  may  bo  subjected  to  extremes  of 
cold  that  in  a  single  night  may  reduce  the  rust,  population  by  9/10  or 
59/100,  thus  necessitating  additional  generations  of  multiplication  in 
order  to  reach  the  concentration  it  had  before  the  freezing  weather. 

In  all  of  these  partic^ilars  wo  find  the  t  during  the  late-winter  phase, 
the  Imf  rust  organism  lives  s  precarious  existence  in  an  environment 
in  which  slight  departures  from  normal  will  turn  the  balance  in  tlie  fa- 
vor of  or  against  the  survival  and  increase  of  the  rust.    And  since 
several  generations  of  rust  multiplication  must  occur  in  late  winter  if 
the  disease  is  to  reach  epiphytotic  proportions  in  the  spring,  it  is 
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readily  apparent  why  the  late  winter  r/eather,  is  decisive  in  influencing 
leaf  rust  epiphytotics. 

Quite  the  reverse  is  the  case  in  the  sprinf  months,  April  and  TTay  in 
Oklahoma  and  I.Iay  and  June  in  Illinois  and  lora.    In  the  33  years  of  se- 
vere and. -light  rust  indicated  in  Table  1,  in  no  instance  did  the  a-^erape 
temperature  for  the  spring  months  lie  o- it side  the  optimal  ranpe  for  leaf 
rust  development.    Furthermore,  since  these  months  are  norm^ally  rainy 
months,  we^f  ind  that  even  in,,  the  seasons  in  '7hich  the  spring  rainfall 
drops  below  the  long-time  average,  moisture  still  is  plentiful,  in  com- 
parison Tjith  the  normal  for  the  late  vjinter  months,  and  om.ple  for  leaf 
•rust  developr.ent  in  practically  every  year,    lloreover,  in  the  spring 

'  months,  in.  contrast  to  the  winter  ones,  leaf  rust  multiplication  is  not 
entirely  dependent  on  repeated  uredial  generations  in  any.  ^iven  area  of 
the  Greet  'Plain's,  since  in  the  spring  there  are  t*-'o  sources  of  inoculum, 
ur.edpspores  .produced  locally  and  those  that  are  brought  in  by  the  T7ind 
from  more  southern  fields,     -  " 

Thus  the  spring  months,  those  in  v'hich  rust  becomes  apparent,  have 
little  effect  in  deciding  the.  destructiveness  of  leaf  rust  in  any  given 
year,.    'The  weather  conditions  in  these  months  are  regularly  T7ithin  the 
rangQ  favoring  rust  development,  and  hence  live  can  understand  the  reason 
for  the.  lack  of  correlation  between  spring  weather  and  rust  intensity  that 
is  evident  from.  Table  1  and  from  the  data  of  Tehon  and  those  of  the  I942 
and  1543  seasons  in  the  Southwest,    The  destructiveness  of  leaf  rust  ap- 
pears to  be  a  direct  function  of  its  intensity  at  the  close  of  the  late 
winter  period  (.^pril  1  in  Oklahoma,  Hay  1  in  Illinois  and  Iowa)  and  this 
intensity  in  turn  depends  on  the  extent  to  which  the  tem.peratures  and  ]' 
precipitation  of  ^he  lete  winter  period  have  perni-tted  winter  survival 
1  and  successive  generations  of  nulti;olication  up  to  the  opening  of  the 

spring  period.    This  situation  is  shown  die  grammatically  in  Figure  1, 

In  the  figure-  the  critical  late  winter  and  non-critical  spring  periods 
are  indicated.     In  the  latter  xhere  is  no  variation  in  the  slopes  of  the 
curves,  of  rust  intensity  in  accordance  with  the  conclusion  that  rust 
multiplication  proceeds  fairly  regularly  during  this  period  in  virtually 
all  seasons,  since  both  moisture  and  te^iperatures  are  regularly  within 
a  broad  optimp.l  range.    The  intensity  of  ultinate  rust  de^^elopment  and 
the  extent  to  which  it  ca'\ses  crop  loss,  are  direct  results  of  the  de- 
gree of  infection  on  April  1  (for  Ohla^^.oma)  ,  which,  as  shown  in  the- fig- 
ure, depends  first  on  the  extent  "of  reduction  of  infection  due  to  winter 
killing  (curves  from  Decem.ber  to  March  1)  and  second  on  the  extent  to 

,  which  I'larch  temperatures  and  precipitation  are  favorable,    Vfhile  the 
values  for  rust  intensity  end  the  slope  of  the  curve  of  a  "normal  rust 
year"  ha^'e  been  arbitrarily  sel(3Cted,  they  approximate  the  actual  values 
and  slope  for  Okie hona ,     Thus  in  the. "normal  year"  in  Oklahoma  one  can 
.find  about  1  rust  pustule  per  10  leases  on'I'tarch  1,  which  increases  to 
about  1  pustule  per  leaf  by  April  1,  and  to  about  1000  pustules  per 
leaf  just  before  maturity  of  the  crop,  producing  a  crop  loss  of  5  P^^r- 

•    cent.     In  the  epiphytotic  year  I53S  the  rust  was  very  conspicuous  6n 
^-pril  2,     The  uppermost  leaf  reached  "he  lOC'O-nustulo  stage  at  or  short- 
ly after  heading  of  the  wheat,  and  the  crop  loss  was  estimated  at  29  per-  ; 
cent. 
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gure  _1.    Diagrammatic  ropro-jentation  of  the  effect  of  late  vnnter  weather  in 
ng  the  de struct! venrj S3  of  wheat  leaf  rust.     Discussion  in  the  text. 
,  1000-pustule  stage  in  v/hich  virtually  all  leaf  tissue  has  been  de- 
in  passing  through  fields  one's  clothes  are  reddened  by  the  great 
s  of  uredospores ;  b,  stage  in  which  rust  usually  becomes  noticeable 
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The  foregoing  analys is  leads  to  the  f ollor inr  practical  considerations; 

1,  .--s  pointed  out  previously  {pl,  ])is.  Hep.  2G; 215-217) ,  assurance  of 
an  impending  se-'^ere  leaf  rust  epiph^.rtotic  2  1/2  nonths  "before  naturity  of 
the  Tvheat  crop  enables  grov?ers  to  modify  cropping  plans  in  tine  to  avert 
serious  losses  frcan  the  disease.    Under  saie  circumstances  it  night  prove 
advisable,  in  such  a  case,  to  har"f^est  the  crop  as  hay  and  recover  the 
loss  the  t  vv'ould  other^.i;ise  occur  by  using  the  land  for  corn,  cotton,  or 
sumer  legunes,  since  sone  such  crop  could  be  planted  seasonably  after 
the  date  on  which  it  becomes  evident  that  se-^ere  leaf  r^ist  losses  rre  in- 
evitable,    ./hile  harvesting  rusted  wheat  for  hay  nay  seen  to  be  an  ex- 
treme measure,  such  salvage  of  the  crop  is  amply  justified  by  the  many 
cases  on  re.cord  in  which  leaf  rust  has  resulted  in  harvest  returns  too 
small  to  pay  for  the  )iarvesting  and  in  which  unhai-^ested  fields  have  been 
plowed  under  too  late  for  either  sa,lvage  as  hay  or  planting  of  substitute 
crops. 

Regarding, the  value  of  rusted  wjieat  foliage  as  hay,  there  is  con""incing 
evidence  that  wheat  foliage  affected  hy  lev.f  rust  contains  much  more  pro- 
tein than  normal  whfeat  foliage.    Bolley  and  Pritchard  in  igOo  (IT.  1).  Agr. 
Exp.  Sta.  iiul.  68)  cited  Canadian  tests  that  disclosed  7»^5  percent  pro- 
tein in  ru^sted  plants  as  conpf-red  with  2»/u\  percent  in  healthy  ones.  In 
an  exte?isive  and  careful  series  of  deterEiinatiop-S  in  Germany,  G-assner  and 
Pranke  in  193^  (Unter^suchungen  uber  den  Stickstof f haushelt  rostinf  izierte 
Getreideblatter .    Phytopath.  Zeitschr.  11: ^17-57^>» )  f  ound  that  5  'V'eeks 
after  inoculation  with  leaf  rust  there  was  21  -Jimes  as  much  soluble  ni- 
trogen, 10  tines  as  much  protein  nitrogen,   and  lb  times  as  riuch  total 
nitrogen  as  in  healthy  plants,    'This  proportionate  increase  in  nitrogen 
with  disease  was  not  merely  a  relative  increase  (due  to  absolute  decrease 
in  other  constituents  of  the  plant)  but  included  an  absolute  nitrogen  in- 
crease as  compared  with  healthy  plants.    For  this  reason  the  use  of  leaf- 
rusted  hay  as  a  superior  source  of  ]:)rotGin  deser-'es  study  in  li^'estock 
feeding  experiments,    i^-ccor.ding  to  Eriksson  and  Honning,  Bolle^r  and 
Pritchard,  and  ijrthur,  rusted  wheat  hay  is  non-toxic  to  livestock  and  is 
eaten  with  great  relish  when  properly  c-ired, 

2,  It  is  '-ell  known  that  leaf  rust  can  he  coribrtted  by  d'lsting  the 
crop  with  sulfur  dust.    C?his  has  great  value  in  certain  t;^.^pes  of  agronomics 
and  phytopathological  field  experiments.     In  addition,  recent  tests  of 
sulfur  dusting  of  wheat  by  airplane  ha^^e  sho-m  that  under  conditions  of  j 
heavy  rust  infection,  the  sulfur  treatment  has  more  than  paid  for  itself  J 
in  increased  yields,    '.'hen  the  present  military  need  for  airplanes  and  M 
pilots  is  ended,  their  services  will  be  c^-ailable '  to  frrners  in  such 
peace-tine  pursuits  as  crop  dusting.     It  is  entirely  possible  that  in  the 
course  of  time,   in  localities  and  seasons  of  ample  rrinfall,  when  poten- 
tial yields  are  high  and  the  cost  of  the  dust  trertment  represents  a  pro- 
portionatel3r  small  part  of  the  potential  har^^est  ^'alue,  sulfur  dusting 

of  cereals  \7ill  become  adopted  as  a  standard  agriciiltura  1  practice. 

V/orkers  who  have  experimented  with  sulfur  dusting  for  rust  control  hare 
frequently  noted  th?  t  rust  control  and  yield  increases  from  dusting  are 
not  appreciable  if  the  dust  is  not  applied  well  before  the  disease  be- 
comes abundant.    The  foregoing  analysis  of  the  relation  of  late  winter 
weather  to  leaf  rust  indicates  the  reason  for  this,    i^ccording  to  this 
analysis  the  dust  applications  in  la  to  winter,  when  the  crop  is  in  the 
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rosette  stape  and  lesf  rust  is  present  only  in  very  snrll  amounts,  nay 
be  expected  to  have  greatest  I'ust-pre'^'entive  effect,  and  this  should  he 
considered  in  ex;oerir.iental  or  practical  cereal  dusting.    Not  only  is 
this  the  nost  inportant  period  for  chec^iing  rust  developnent,  but  it  is 
also  a  period  at  :?hich  the  cost  of  the  chemical  is  loT7est,  since  there 
is  less  foliage  to  be  protected  than  later  in  the  season, 

3»     In  tests  to  determine  varietal  or  strain  resistance  of  T7heat  geno- 
types, in  connection  with  breeding  for  leaf  rust  resistpnce  or  attempts  to 
include  such  resistance  in  develo'oing  improved  ^^heat  varieties,  it  becomes 
necessary  in  dry  seasons  to  resort  to  artificial  rratering  in  order  to  in- 
duce sufficient  rust  so  that  rust  obser^^ations  in  the  nursery  are  signifi- 
cant.   L-ince  adequate  moisture  in  late  'iin~ev  has  been  found  indispensable 
to  severe  leaf  rust  developnent,  Thile  the  rainfall  of  the  spring  months 
is  normally  adequate  for  such  development,  it  follows  that  the  greatest 
effect  of  artificial  T7atering  in  ex]:)eririentally  increasing  the  rust  rill 
be  obtained  in  correcting  If  te-'^inter  ^'rter  deficits,  e.g.  in  February 
and  March  in  the  latitude  of  Ohlahorxa ,  rather  than  in  attempting  to  remedy 
such  deficits  by  applying  ";ater  as  the  crop  ap::)roaches  maturity. 

Summary 

That  "he  subsequent  intensity  and  destructiveness  of  i^heat  leaf  rust 
(Puccinia  triticina  Briks.)  is  determ.ined  almost  entirely  by  the  temper- 
atures and  precipitation  of  late  winter  (December  throuf^h  March  in  Okla- 
homa; DeCQT.ber  through  i-.pril  in  Illinois  ana  lov^a),  and  that  the  neather 
of  the  t\io  folloT7ing  spring  months,  those  in  7.'hi  ch  rust  becomes  obvious, 
has  very  little  decisive  effect  on  ler;f  rus-G  de^.'eloprient ,  is  sho^-m  to  be 
the  case  in  lb  principal  leaf  rust  years  rnd  1'/^  principal  years  of  rela- 
tive freedom  from  leaf  rust  in  Oklahoma,  Illinois,  and  lo^^a.     Ihis  also 
explains  the  apparently  inconsistent  relatior.ship  of  spring  ^;eather  to 
rust  in  the  South-.vesx  in  IS42  and  1^43  and  in  Illinois  in  I922-I926. 
-i-his  seemingly  paradoxical  ^.7eatlier-rust  relc  tioi;.s]iip  is  due  to  the  fact 
that  leaf  rust  must  increase  from,  its  loues"  winter  prevalence  by  a  log- 
aritkT'ic  series  of  uredinial  generations.    The  first  of  tliese  generations 
occ.r  in  late  winter  at  a  time  ^^hen  the  absolute  amount  of  rust  is  so 
small  that  it  is  not  apparent  to  the  casual  observer.     In  this  period 
temperatures  and  precipitation  are  so  near  the  I'^^er  threshold  permit- 
ting rust  multiplication  that  minor  devia^.ions  of  r7ea~her  turn  the  balance 
in  favor  of  or  against  r-ist  multiplication.     'T}iis  determines  the  pre'^a- 
lence  of  rust  at  f.ie  opening  of  spring,  after  ^il'.ich  ti -'e  weather  deviations 
have  little  ef:"ect  in  accelerating  or  retarding  the  logrrithj-iic  increase 
of  rust,  since  the  norms  of  precipit--: tion  and  ter^perature  in  the  spring 
are  so  far  within  the  optim.al  range  for  leaf  rust  reproduction  that  sea- 
sonal variations  are  not  great  enough  to  riar]ced.Xy  alter  the  course  of  rust 
multiplication. 

Practical  considerations  resulting  from  the  foregoing  analysis  include: 
(1)  use  of  rwsted  wheat,  v'hic}:  contains  more  protein  than  norr.al  rheat, 
as  hay,  with  utilization  of  wheat  land  for  a  sumer  crop  during  years  in 
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Actinomyces  scabies,  34 
Aecidium,  in  Guatemala,  81-82 
Alfalfa:  damping-ofi  and  seed 

treatment ,  11 
Alternaria  sop. ,  on  cotton  bolls 

and  seedlings,  55,  56,  57,  72, 

75 

  circinans,  42 

  dianthi,  27 

 solani,  on  potato  32;  tom.ato 

45 

  zinniae,  31 

Angiopsora,  in  Guatemala,  82-83 
Annotated  check  list  and  host  in- 
dex of  the  rusts  of  Guatemala, 
Suppl.  142,  pp.  79-131 
Antirrhinum:  Oidium.  sp.  30;  Puc- 
cinia  antirrhini,  and  control, 
30 

Aphelenchoides  fragariae,  on 
Chrysanthemum,  28 

Apple:  carbamates  for  control  of 
fruit  spot,  14;  diseases  in 
Middle  Atlantic  States,  and  con- 
trol, 11-19;  Fermate  for  control 
of  rust  and  scab,  l6 

Asparagus:  PuccirJ.a  asparagi  40 

Aspergillus  spo, ,  on  cotton  bolls 
and  seedlings,  55>56,  58 

Bacterium  stewartii,  2,  43 
  tomato,  47 

Baeodromus,  in  Guatemala,  83 
Bark  necrosis,  of  apole,  12 

   ,  internal,  of  apole,  13 

Barley:  Gibberella  zeae,  10; 

Ustilago  spn. ,  2 
Bean:  diseases  in  Middle  Atlantic 

States,  and  control,  40-42; 

seed  certification,  need  for,  41 
 ,  lima:  mosaic  42;  Sclerotinia 

sclerotiorum  41 
Bitzea,  in  Guatemala,  84 
■Blackberry:  Elsinoe  veneta,  25 
Bctrytis  rot,  of  svieet  cherry  22 
Eubakia  ,  in  Guatem.ala  ,  84 

Cabbage:  Alternaria  circinans,  42; 
Erwinia  carotovora,  42;  seed 
treatmient ,  42 


Callistephus  (China  aster):  Fu- 
sarium  and  Verticillium  wilts, 
28 

Cercospora  chrysanthemi ,  28 
Cereal  crops:  diseases  in  Middle 

Atlantic  States,  and  control, 

^-10 

Cerotelium.,  in  Guatemala,  85 
Chaetomdum  spp.  ,  on  cotton,  58 
Cherry,  sour:  Coccomyces  hi emails 
19 

'  ,  sweet:  Botrytis  rot,  22;  Fer- 
mate for  control -of  Botrytis 
and  Monilinia  22;  Monilinia 
fructicola,  22 

Chry 3 anthem-am:  control  of  nemia- 
■tode,  leaf  sDot,  and  wilt,  28; 
diseases,  28;  Fermate  for  con- 
trol of  leaf  spot,  2.8 

Chrysom.yxa,  in  Guatemala,  85 

Cioncthrix,  in  Guatemala,  85 

Coccom.yces  hiemalis,  19 

Coleosporium,  in  Guatem=ala,  85-87 

Colletotrichum  sp. ,  on  tobacco,  36 

  lagenarium,  42 

  lindemuthianum,  40 

'  phomoides,  45 

Corn:  diseases  in  "-iddle  Atlantic 
States.,  2-7;  outbreak  of  HeDjnin- 
thosporiui'n,  3    ■  ' 

 ,  sweet:  Bacterium  stewartii, 

43;  He Imdnthosporium,  44 

Corjmebacterium  michiganense ,  47 

  p6insettiae,  29 

  sepedonicum,  31 

Cotton:  anthracnose,  geographic 
distribution  54*  59?  76 j 
latent  infections  59,  cve'rsumimer- 
ing  59,  63,  76,  weather  relations 
59,  63,  76;  boll  rots  56;  ginning 
and  seed  contamination  65,  72; 
seed  gertnination  and  fungus  snore 
load  72;  seedling  diseases  55 >  72 

Cotton  seedling  diseases  and  boll 
rots,  distribution  and  dissemi- 
nation, Suppl.  141,  pp.  53-78 

Cronartium,  in  Guatemala,  87-88. 

Crossopsora,  in  Guatemala,  88 

Cucurbits:  Colletotrichum  lagen- 
arium 42;  m.osaic  43 
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Cummins ie  11c; ,  in  Guatemala,  88 
Cylindrosporium  chrysanthemi ,  28 

Damping-off ,  control  with  organic 
compounds  39;  of  forage  crops 
11;  ornamentals  29;  truck  crops 
39  ^ 
Dasyspora ,  in  Guatemala,  89 
Decisive  influence  of  late  winter 
weather  on  wheat  leaf  rust  epi- 
phytotics,  Suppl.  :143»  PP-  133- 
144 

Delphinium:  Sclerotium.  delphdnii 
28 

Desmella,  in  Guatemala,  89 

Dianthus  caryophyllus :  Alternaria 
dianthi27;  mosaic  (undet. 
virus)  27 

Dicheirinia,  in  Guatemala,  89 

Diplocarpon  rosae,  29 

Diplodia  sp(p) . ,  on  corn  2,  3; 
cotton  bolls  and  seedlings  57 > 
72,  75 

  gossypina,  55, ' 56 

Diseases  in  Middle  Atlantic  States 
in  1942,  1-51 

Dissemination:  in  ginning,  of  cot- 
ton fungi,  65}  72;  by  ornamen- 
tals, of  tomato  viruses,  49;  by 
-  weeds,  of  Septoria  lycooersici 
50 

Elsinoe  veneta,  24 
^ndophylloides ,  in  Guatemala ,  89 
Endophyllum,  in  Guatem.ala,  89-90 
Epidemiology,  of  cotton  anthrac- 

nose  59-65;  wheat  leaf  rust 

133-144 
Ervdnia  amylovora  ,14 

 carotovora ,  42 

  phytophthora,  31 

Fern-leaf  (non-par.),  of  rasDberry 

26  "  - 

-Forage  crops:  diseases  in  Middle 

Atlantic  States,  and  control,  11 
Fruit  crops:  diseases  .in  i-dddle 

Atlantic  States,  and  control, 

11-27 

Fungicides,  bismuth  sub-salicylate 
for  tobacco  downy  mildew  37 


(Fungicides),  carbamates,  iron 
and  lead,  for  apple  fruit  spot 
14 

 ,  DuEay  1205  FF,  for  damping- 
off,  11 

  Elgetol,  for  raspberry  an  - 

thracnose,  25 

 ,  Fermate,  for  apole  rust  and 

scab  16;  brown  rot  22;  cherry 
diseases  22;  damping-off  39; 
snapdragon  rust  30;  tobacco 
downy  mildew  37;  tomato  leaf  soot 
47 

 •,  .  Fungisul,  for  snapdragon 

rust  30 

 ,  iron  carbamate,  14>  see  also 

Fermate 

 ,  lead  carbamate,  14 

 ,  ..sodium  dioctyl  sulf osuccinate, 

see  Vatsol  O.T.C. 

Spergon,  for  damping-off,  11, 

40;  pea  seed  decay,  43;  sweetpo- 

tato  slip  treatment  45;  turf 

diseases  30 
 ,  tetramethyl  thiuram-disulf ide , 

for  da.mDing-off ,  39;  see  also 

Thiosan 

 ,  Thiosan,  for  calla  lily  root 

rot  27-;  damping-off  of  truck 
crops,  39;  W'^  seed  decay,  43; 
turf  diseases,  30 

 ,  Vatsol  O.T.C,  for  tobacco 

■  downy  mildew  37 

Fusarium  sp(d).,  on  corn,  3;  cot- 
ton bolls  and  seedlings  55)  56, 
57,  72,  75 

  batatatis ,  44 

— -  conglutinans  var.  callistephi, 
2Z 

  eumartii,  36 

 monilif  orm.e ,  on  cotton,  55  >  56, 

57 

Fusicoccum  canker,  on  peach,  23 

Gardenia :  Heterodera  marioni  29 
Gibber ella  zeae,  10 
Gloeodes  pomigena,  1"^ 
Gloeosporium  sp. ,  on  tobacco,  36 
Glomerella  cingulata,  11 
—  gossypii,  5^-73;  see  also  under 
Cotton,  anthracnose 


Gymnc sporangium,  in  Guatemala, 
_  91-92" 

  clavipes ,15  '  ' 

— -  globosum,  16 

 juniperi-virgiriianae,  15; 

HapX.opyxis,..  in  Guatemala,'  92 
Heim^nthpspcrium,  pn^  corn, .2;  . 
sweet  corn,  UW 
—  Dapulosiim,  12 

 "turcicum",  3  '  . 

Heterodera  marioni,  on  Gardenia 

29;  rose  29 
Kouseburn,  of  tobacco  37 

Kuehneola,  in  Guatemala,  93 

Leaf  roll  (virus )  ,  of  pptat'o  '34 

Leptothja:*ium  pdmi,  18 

Little  peach  (virus),  of  peach  23 

Mainsia,  in  Guatem.ala,  94-95 
Maravalia,.  in  Guatemal'a,'  95 
Me  lamps  ora,  in  Guatemala,  95" 
Melam.psoridium.,  in' Guatemala,  95 
Middle  Hlantic  States,.  1942  dis- 
ease inf  ormiatipn., '  1-51  ' 
Mint:  mosaic  (cucumber  virus), 
source  for  lima  bean. infection, 
42 

Monilinia  fructicola:  21  ' '  ' 
Mosaic  (virus),  of  bean  /4O;  car- 
nation 27;  cucurbits  43;  lim^a- 
bean  42;  mint  42;  petunia  49; 
potato  34;  soybean  43;  tobacco 
33       _  ... 
Mycosphaerella  pomi,  14 

1942  disease  information  for  the 
Middle  Atlantic  States,  Suppl. 
140,  pp.  1-51 

Nursery  stock;  source  of  rasD- 
berry  viruses,  25 

Oats:  diseases  in  Middle  Atlantic 
.States,  '7-^ 

Oidium  so,.  ,'  on  Antirrhinum  30; 
Saintpau.lia  27 

Ornamentals;  damping-off  control 
29;  diseases  in  Middle  Atlan- 
tic States,  and  control  27-31; 


(Ornamentals)  as  source  for  tomato 
viruses  49 

Pea:  seed  decay,,  and  control  43 
Peach:  diseases  in  Middle  Atlantic 
States,  and  control,  21-24;  Fer- 
ma  t  e  •  f  or  b r  cm\  rot  .22;.  virus 
diseases  23  ,  : 

Penicillium  sdp. ,  on  cotton,  bolls 

and  seedlings,  55 >  56 
Pepper:  spotted  wilt  49 
Peridermium ,  in  Guatemala ,  96.."^97 
Peronospora  tabacina,  36 
Petunia:  mosaic  49"  '  . 
Phakopsora,  in  Guatemala,  97 
Phlox:  Septoria  sp").  ,  29 
Phragmidium,  in  Guatemala  •,•  97-98 
Phragm.opyxis ,  in  G.uate-nala,  98 
Phyllosticta  solitaria,,  I3 
Phytophthora  fragariae,  26' 
  infestans,  on  potato  32;  to- 
mato 47  ,  \ 

 paras'-itica  ,48  -   

'Pil^ola;ria ,  in  Guatemala  ,■  98 
Poa:  .Ustilago  striaef ormis,  11 
Poinseitia:  Corynebacterium  -poin- 

settiae,  29 
Potato:  diseases  in  Middle  Atlan- 
'  tic  States,  and  control,  3^-36; 

virus  disease  (undescribed) ,  35 
Prospodium,  in  Guatema.l5 ,  98-99 
Prunus  vir.Riniana :  X-disease,  24 
Pseudom.onas  medicaginis  var. 

phaseolicola,  41 
— -  tabaci,  39 

Puccinia ,  in  Guatemala ,  99-117 

  antirrhini,  30 

-—  asparagi,'  40 

. —  -  coronata,  .7 

- —  gra.Tlnis  var.  avenae,  .8 

    var.  tritici,  I6 

  rubigo-vera  var.  tritici  8, 

133-144 

Puccinia  strum.,  in  Guatemala  j  117- 

Pucciniosira ,  in  Guatemala,  118 
Purple-toD  wilt  (virus),  of  po- 
tato, 33 
Pythium  spp. ,  on  cotton  55 »  58; 
vegetable  crops  39 
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Raspberry/:  diseases  in  Saddle  At- 
lantic States,  and  control,  24- 
26 

Ravenelia,  in  Guateiriala,  llB-119 
Resistance,  ci  cabbage  to  Alter- 

naria,  L2 
Rhizcctcnia  solani,  on  cotton  55) 

57;  potato  34;  turf  grasses  3C 
PhizoDus  spD. ,  on  cotton  bolls  56, 

5B  ' 

Rosa:  diseases  in  L'iddle  Atlantic 

States,  and  control,  29-30 
Rusts,  of  Guatemala,  79-131 

Saintoaulia:  Cidiuiri  sn.  ,  27 
Sclerotinia  hcmoeocarpa ,  30 
  sclerotiorun,  on  bean  41; 

lima  bean  41 
Sclerotium  bataticola,  on  cotton 

seedlings,  55,  5S 

  delohinii,  on  Delohinium,  2B 

  rolfsii,  on  cotton  seedlings, 

55,  58 

Seed  treatment,  of  cabbage,  42: 
forage  crops  11.    See  also 
Fungicides 

Septoria  cbjf'vsanthemi,  28 

  divaricata,  29 

  lycopersici,  50 

 phlogis,  2^' 

Skierka  holwayi,  in  Guatemala,  121 
Solanum  carolinense:  Septoria  ly- 
copersici 50 
Soybean:  mosaic  (?  cucumber  virus 
1),  43 

Sphaerophragmi^am,  in  Guatemala, 
121 

Sphaerotheca  pannosa  var.  rosae, 
"29 

Sphenospora,  in  GuatemaL?. ,  121 
Spotted  v^ilt  (virus),  on  calla 

lily  27;  oepoer  49;  tomato  48; 

vjeather  relations  49 
Stemphylium,  on  tomato  50 
Stravjberrv:  Phytophthora  fragariae 

26 

Sudan  grass:  dam.ping-cff  and  seed 

treatment  11 
Sweetpotato:  Fusarium  batatatis  arr 

control  /x4;    Soergon  for  Fusar- 

ium  control  45 


Tip  blight  (f-irus  )  ,  on  tomato  ,  in  " 
Md.  49,  '^:.Va.  50  • 

Tobacco:  diseases  in  Middle  Atlan- 
tic States,  and  control ; 36-39; 
funsicides  for  dcvvny  .mildew  con- 
trol 37 

Tomato:  diseases  in  Middle  Atlan- 
tic States,  and  control,  45-51; 
Fermate  for.  control,  of  Alter- 
naria,  47;  Septoria  lycopersici,  ■ 
horse  nettle  a  source  of  inocu- 
lum, 50;  tip  blight  (virus)  in 
Md.  49 »  ■■i'.Va.   50;  virus  diseases, 
ornamentals  a  source  of  infec- 
tion, 49 

Tranzschelia ,  in  Guatemala,  122 

Trifolium  pratense:  damping-off , 
and  seed  treatment,  11 

Truck  crops:  dam.ping-off  control 
39;  diseases  in  Ivliddle  Atlantic 
States,  snd  control,  39-51 

Turf  grasses:  diseases  and  control 
30- 

Uredinopsis,  in  Guatemala,  122 
Uredc,  in  Guatemala,  122-124 
Urom.yces,  in  Guatemala,  124-127 
Uropyxis,  in  Guatemala,  127-128 
Ustilago  avenae,  8 

  kolleri,  8 

—  nigra,  2 

  nuda ,  2 

 striaef  crm-is ,  11 

  tritici,  9 

Valsa  canker,  of  peach,  23 

Vegetable  seedlings:  damiping-off 
control  39 

Ventiaria  inaequalis,  16 

Verticillium,  on  Callistephus,  2^; 
Chrysanthemum,  28;  raspberr37,  26 

Virus  diseases,  of  peach  23;  potato 
33,  34;  raspberry  25;  torato  48. 
See  also  under  individual  dis- 
ease namies 

Weather:  and  bean  diseases  40,  41; 
cotton  anthracnose  59,  60-64, 
76;  sweet  corn  v;ilt  .44;  wheat 
leaf  rust  133^144 

"T^.eat:  diseases  in  r'iddle  Atlantic 
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('"Jheat)  States  S-10;  leaf  rust 
epiphytotics ,  influence  of  Iste 
winter  TAfeather,  133-144 

Winter  injury,  to  raspberry  26 

—  killing,  of  peach  23 


Xanthcmonas  malvacearum,  57 
  phaseoli,  41 


X-disease  (virus),  of  choke  cherry 
24;  pe3ch  24 

Yellow  dwarf  (virus),  of  potato  34 
Yellows  (virus),  of  peach  23,  24 

Zantedeschia:  diseases  27;  Thio- 

san  for  root  rot  control  2? 
Zinnia:  Alternaria  zinniae  31 


